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Abstract
In the present paper some consequences of the assumption that in the center of the Galaxy there is a supermassive
compact object without the events horizon are considered. The possibility of existence of such object has been argued
earlier. It is shown, that accretion of a surrounding gas onto the object can cause nuclear burning in a superficial layer which
owing to comptonization in a hotter layer, laying above, can manifest itself in observable IR and X spectra. The contribution
of an intrinsic magnetic moment of the object in the observable synchrotron radiation is considered, using transfer equations,
taking into account influence of gravitation on the energy and movement of photons.
1
1 Introduction
An analysis of stars motion in the dynamic center of the
Galaxy give strong evidence for the existence of a compact
object with mass about 3 ·106M⊙ or more that is associated
with Sgr A* [1],[2],[3], [4]. There are three kinds of an ex-
planation of observable peculiarities of the object radiation:
1 - The gas accretion onto the central object – a super-
massive black hole (BH) [5],[6],
2 - An ejection of the magnetized plasma from the
vicinity of the Schwarzschild radius of the BH [7], [8]
3 - Explanations based on hypotheses about another na-
ture of the central object (a cluster of dark objects [9] , a
fermion ball hypothesis [10], boson stars [11].
In the present paper we consider some consequence of
the assumption that radiation of Sgr A* is caused by exis-
tence of a supermassive compact object without events hori-
zon in the Galaxy Center. Such steady configurations of the
degenerated Fermi-gas with masses 102 ÷ 1010 M⊙ and
with the radiuses R less than the Schwarzschild radius rg
are one of the consequence of the metric-field equations of
gravitation [12], [13], [14]. In the theory gravitational field
of an attractive mass manifests itself as a field in Minkowski
space-time for a remote observer in an inertial frame of ref-
erence, and as space-time curvature for the observer in a co-
moving (with the free falling particles) frame of reference.
Physical consequences from the gravitation equations under
consideration are very close to the ones in general relativ-
ity at the distances from the central mass much more than
rg . However they are completely different at the distances
nearby rg or less than that. The spherically-symmetric so-
lution of the gravitation equations have no the event horizon
and physical singularity in the center [16].
Since the gravitational equations was tested by the bi-
nary pulsar PSR 1913+16 [15] and stability of the super-
massive configurations was studied sufficiently rigorously
[13], it is meaningful to investigate the possibility of the
existence of such objects at the Galaxy Center as an alter-
native to the supermassive black hole hypothesis.
The gravitational force of a point mass M affecting a
free falling particle of mass m is given by [16].
F = −m
[
c2B1 + (B2 − 2B3) ·r
2
]
, (1)
where
B1 = C
′/2A, B2 = A
′/2A, B3 = C
′/2C (2)
and
A = f ′2/C, C = 1− rg/f, f = (r3g + r3)1/3. (3)
In this equation r is the radial distance from the center, rg =
2GM/c2, M is the mass of the object,G is the gravitational
constant, c is speed of light, the prime denotes the derivative
with respect to r. The force affecting the test particle in rest
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Figure 1: The gravitational force (arbitrary units) affecting
a test particle at rest (curve 1) and free falling particle (curve
2) near the point attractive mass M .
is
F = −GmM
r2
[
1− rg
(r3 + r3g)
1/3
]
(4)
Fig. 1 shows the force F (in arbitrary units ) affecting
the test particle at rest (curve 1) and the free falling particle
(curve 2) as the function of the distance r = r/rg from the
center.
It follows from the above plot that the gravitational
force affecting free falling particles decreases when r ap-
proach to rg and changes its sign at ∼ 1.5 rg . Although
we never observed the motion of the particle at distances
close to rg , we can test this conclusion for very distant ob-
jects in our Universe because for its observed mass Mu the
value of 2GMu/c2 is close to the observed radius ru of the
Universe. At such distances the gravitational force affect-
ing the particles change the sign. And the repulsion force
in a simple model of the expanded selfgraviting dust ball
gives a simple and clear explanation of the acceleration of
the Universe expansion [17], [18],
It is seems in the first sight that the accretion onto the
object give rise to a too large energy release at the surface
that contradicts the low bolometric luminosity ( ∼ 1036
erg s−1 ) of Sgr A*. However, it must be taken into ac-
count that in the gravitation theory under consideration the
velocity of free falling test particles decrease inside the
Schwarzschild radius [16]. If we assume that the the radius
R of the object with mass of 2.6 ·M⊙ in the Galactic Cen-
ter is equal to 0.04 rg ( which follows from the solution of
the equation of the hydrostatic equilibrium [12],[13], [14]
), then the value of the velocity v of free falling particles at
the surface is 4 · 108 cm s−2 . Therefore, even at the accre-
tion rate
·
M = 10−6 M⊙ yr
−1 the amount of the released
energy
·
Mv2/2 is only ∼ 1036 erg/s .
2
2 Atmosphere
It is believed that the rate of gas accretion onto the super-
massive object in the Galaxy center due to the star wind
from the surrounding young stars is of the order of 10−7
M⊙ yr
−1 [19]. Therefore, if the object has a surface, it
must have also some, mainly hydrogen, atmosphere. For
10Myr (an estimated lifetime of the surrounding stars) the
mass Matm of the gas envelope reaches M⊙. The height of
the homogeneous atmosphere hatm = kT/2 mp g, where
k is the Boltzmann constant, T is the absolute temperature,
mp is the proton mass, g = F/m = 7.8 · 106 cm s−2.
At the temperature T = 107K the high of the atmosphere
hatm = 10
8cm ≈ 0.01R. The density of the atmosphere
ρ = Matm/4πR
2h ≈ 102 ÷ 103g cm−3. Under the condi-
tion a hydrogen burning must begin in our time. Of course,
the accretion rate in the past it could has been many or-
der greater than the mention above if the stars was born in
a molecular cloud at the same area where they are in our
time. (See the discussion in [1, 3]. In this case the burning
began more than 10Myr ago and is more intensive.
A relationship between the temperature and the den-
sity can be found from the thermodynamics equilibrium
equations
1
4πr2ρ
dLr
dr
= ǫ+ λ
·
Mc2
Matm
− T dS
dt
, (5)
where
Lr = 4πr
2 ac
3κρ
d
dr
T 4, (6)
·
M is the rate of the mass accretion , ǫ is the rate of the
generation of the nuclear energy per the unit of mass, λ is
the portion of the thermalized accretion energy , κ is the
Krammers absorbtion factor, S is entropy, a is the radia-
tion constant. In the stationary case for the homogeneous
atmosphere we have
acT 4
3κρ2h2atm
= ǫ+ λ
·
Mc2
Matm
. (7)
Fig. 2 shows the relationship between T and ρ for sev-
eral values of the parameter λ. It follows from the fig-
ure that the hydrogen burning can be occurs at the density
102 ÷ 103 gm cm−3.
The luminosity from the burning layer can be found by
solution of the system of the differential equations
dmr
dr
= 4πr2,
dP
dr
= ρg,
dLr
dr
= 4πr2ρǫ, (8)
dT
dr
= − 3κρLr
16πacr2T 3
,
where P = ρkT/2mp is the pressure of the nogenerated
gas, mr is the mass of the spherical layer of the radius r.
The boundary data at the surface are: mr(R) = 0, ρ(R) =
ρ0, T (R) = T0, Lr(R) = 0. We setting T0 = 107K and
1.·107 3.·107 5.·107 7.·107
T@KD
0
200
400
600
800
Ρ
@
g
m
c
m
-
3 D
Λ1
Λ2
Λ3Λ4
Λ5
Figure 2: Relationship between temperature and pressure of
the homogeneous atmosphere for the values of the param-
eter λ : λ1 = 1, λ2 = 1/6, λ3 = 10−2, λ4 = 10−3, λ5 =
10−4.
find that the luminosity L = 2.4 · 1031erg s−1 at ρ0 =
102g cm−3 and L = 2.4 ·1033erg s−1 at ρ0 = 103g cm−3.
The effective temperature Teff is 2.4 ·103K and 7.8 ·103K
, respectively. These magnitudes may be much more if
in the past the accretion was more intensive. However, if
this is not true, and if the accretion rate is much less than
10−7M⊙, the hydrogen burning presently may be missing.
3 Peculiarity of the accretion
The main peculiarity of a spherical supersonic accretion
onto the supermassive object without events horizon is the
existence of the second sonic point – in a vicinity of the
object, which does not bound with hydrodynamical effects.
The physical reason is that as the sound velocity vs in the
infalling flow grows together with the temperature, the gas
velocity v begin to decrease fast before r = rg [16]. As a
result, the equality v = vs take place at some distance rs
from the center.
In accordance with [16] the maximal radial velocity of
a free falling particle does not exceed 0.4 c. Therefore, the
Lorentz-factor is nearly 1 and the accretion equations are
given by
4πr2v =
·
M, vv +
·
n/n = gfr (9)( ε
n
)′
− P n
′
n
= − Λ
v n
.
In these eqs. n is the density of the particles num-
ber, Λ is the cooling rate (per volume unit) due to the
bremsstrahlung and comptonization , gfr = F/m is de-
fined by eq. (1). We, therefore, neglect the radiation pres-
sure and do not take into account the subequipartition mag-
netic field which may exist in the accretion flow [5].
The energy density is assumed to be equal to [[5]]
ε = mpc
2n+ αnkT, (10)
3
where
α = 3 + x
(
3K3(x) +K1(x)
4K2(x)
− 1
)
(11)
+y
(
3K3(y) +K1(y)
4K2(y)
− 1
)
,
x = mec
2/kT , y = mpc
2/kT and Kj (j = 2, 3) is the
modified Bessel function.
We assume for definiteness that
·
M = 10−7 M⊙ yr
−1
and at the distance from the center r0 = 1017cm the veloc-
ity v(r0) = 108cm s−1 and the temperatureT (r0) = 105K
. The profile of the temperature and velocity can be found
by the solution of the eqs. 9. The sound velocity vs = vs(r)
is
vs =
(
ΓP
ρ+ P
)1/2
, (12)
where ρ is the density, the adiabatic index is
Γ =
n
P
(
∂P
∂n
)
Sp
(13)
and Sp is entropy per particle. The values of P , ρ and Γ for
a perfect Boltzmann gas as the function of T is given by the
Service fitting formulas [20]. Under these conditions the
gas temperature T at r = rs is of the order of 1010K . The
postshock region lies from rs up to the dense atmosphere (
n ≈ 1015 ÷ 1017 ) at the distance z ≈ R from the object
surface where infalling gas velocity slumps. In this area re-
leases more part of the accretion energy. (We neglect here a
difference between the height of proton and electron stop-
ping [29]. The energy release per 1 g due to protons stoping
is given by [22]
W = −f(xe)4πne
4 lg∆
mevmp
, (14)
where
∆ =
3(kT )3/2
4
√
πne3
;xe =
(
mev
2
kT
)1/2
(15)
and
f(xe) =
2xe(2x
2
e/3−me/mp)/π1/2
1 + 2xe(2x2e/3−me/mp)/π1/2
. (16)
We assume that the gas density profile in this area is the
sum of the atmosphere density resulting from eqs. (8) and
the solution n(r) of the eqs. (9). LetU be the radiation den-
sity and k2 = 0.4+6.4 ·1022mpnT−7/2 cm2g−1 is the flux
mean opacity. At the given density the profile (”jump”) of
the luminosity and temperature can be found approximately
from the equations
dLr/dr = 4πr
2ρW,
1
3ρ
dU
dr
= k2
Lr
4πr2c
, (17)
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Figure 3: A typical profile of the temperature at the decel-
eration area.
and from the simple energy balance equation
[Zeldovich et al. 1969] between W , bremsstrahlung
and comptonization processes. Fig. 3 shows a typical
temperature profile close the distance z = R from
the object surface. The following end conditions were
used: the luminosity at the distance from the surface
0.0785R is 1032erg s−1, the temperature is 107K, the
density of radiation is aT 4eff , where Teff = 104K and
a = 7.569 · 1015.
4 Comptonization
The emerging intensity I of the low atmosphere radia-
tion after passage through a hot spherical homogeneous
lay of gas is a convolution of the incoming Plankian in-
tensity I0 and the frequency redistribution function Φ(s) of
s = lg(ν/ν0), where ν0 and ν are the frequencies of the
incoming and emerging radiation, respectively:
I(x) =
∫ ∞
−∞
Φ(s)I0(s)ds. (18)
At the temperature of the order of 1010K the dimensionless
parameter ϑ = kT/mec2 ∼ 1 or more that that. Under the
condition the function Φ(s) can be calculated as [[21]]
Φ(s) =
m∑
k=0
e−ττk
k!
Pk(s), (19)
where
P1(s) =
∫ 1
βmin
ϕ(β)P (s, β)dβ, (20)
βmin =
epsp − 1
epsp + 1
(21)
and
P (s, β) =
3
16γ4β
∫ µ2
µ1
(1− βµ)−3× (22)(
1 + βµ′)(1 + µ2µ′2 +
1
2
(1 − µ2)(1 − µ′2)
)
dµ,
4
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Figure 4: The emerging spectrum of the nuclear burning
after comptonization by the hot lay at the optical thickness
τ = 0.01, 0.1, 1, 5
µ′ =
es(1− βµ) − 1
β
, (23)
µ1 =
{
−1 s ≤ 0
1−e−s(1+β)
β s ≥ 0
(24)
µ2 =
{
1−e−s(1−β)
β s ≤ 0
1 s ≥ 0 (25)
and γ = (1 − β2)−1/2. Taking into account the scattering
up to 4th order ( m = 4) we find an approximate emerging
spectrum of the nuclear burning with Teff = 104K after
comptonization for several values of the optical thickness τ
of a homogeneous hot layer. The results are plotted in fig.
4
It follows from the figure for small magnitudes of τ that
the spectrum can contribute to the observed Sgr A* radia-
tion [23], [24], [25] in IR and X regions.
It should be noted that the timescale ∆t of a vari-
able process are related to the size ∆r of its region as
∆r ≤ c ∆t/(1 + zg), where 1 + zg = 1/
√
C(r) is grav-
itational redshift. (The function C(r) is defined by eqs. 3.
Therefore, the variations in the radiation intensity ∼ 600 s
happen at the distance z 6 1.7R from the surface. For this
reason IR and X flares [23], [24], [25] can be interpreted as
processes near the surface of the objects.
5 Transfer equation and synchrotron
radiation of Sgr A*
Some authors [26] ,[27] have found evidence for existence
of an intrinsic magnetic field of Black Holes candidates that
is incompatible with the events horizon. Here we calculate
the contribution in the synchrotron radiation spectrum from
the intrinsic magnetic field of the form
B = B0
(
R
r
)3
, (26)
where B0 = 2 · 105 Gs. For study of the radiation from the
surface vicinity of the supermassive object the influence of
gravitation on the frequency of the photon and its motion
must be taken into account. A relativistic transfer equation
can be used for this purpose. It is a relativistic Boltzmann
equations for photon gas [Lindquist 1966], [Smidt-Burgk],
[Zane et al. 1996]. We assume that in the spherically sym-
metric field the distribution function F depends on the ra-
dial distance from the center r , the frequency ν and the
photon direction which can be defined by the cosine of the
horizontal angle – µ. (The spherical coordinate system is
used). The relativistic Boltzmann equation in Minkowski
space - time is of the form
dF
dη
= St(F), (27)
where dF/dη is the derivative along the 4-trajectory xα =
xα(s) in space-time with the metric differential form dη
and the right-hand member is the collisions integral. By
using for photons x0 = c t as a parameter along 4-trajectory
we arrive at the transfer equation in the form(
∂
∂dx0
+ n∇+ dµ
dx0
∂
∂µ
+
dν
dx0
∂
∂ν
)
F = St(F), (28)
where the magnitudes dµ/dx0 and dν/dx0 must be found
from our equations of the photon motion in the gravitation
field [12] . The collisions integral is given by
χ (S/β −F), (29)
where χ is the absorption coefficient, S = η/χ is the source
function, η is the emissivity and β = h4ν3/c2. In this paper
we do not take into account light diffusion. The intensity I
of the radiation is related to F as I = βF .
To solve the transfer equation we use the characteris-
tic method [Smidt-Burgk], [Zane et al. 1996]. Since pho-
ton’s trajectories are characteristics of the partial differen-
tial equation (28), the equations are reduced to ordinary dif-
ferential equations along these trajectories. In our case this
equation is
dF
dr
=
c
vph
(
S
β
−F
)
, (30)
where vph is the radial photon velocity.
According to [[16]] in the spherically - symmetric field
vph = c
√
C
A
(
1− C b
2
f2
)
, (31)
where b is the impact parameter of photon.
For numerical estimates we assume that a relativistic
Maxwellian electron distribution take place and set emis-
sion coefficient [28]
jν =
21/6π3/2e2neν)
35/6cK2(1/Θ)Υ1/6
exp[−(9Υ/2)1/3], (32)
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Figure 5: The function b(r)
where Υ = ν/νcΘ2 and Θ = kT/mc2, ne is the electron
density number, K2 is the modified Bessel function of the
second kind.
Let Fν(b) be the solution of the differential equation
(30) for a given b at r → ∞. Then, for a distant observer
the luminosity at the frequency ν is given by
Lν = 8π
2
∫ ∞
0
βFν(b)bdb. (33)
For a correct solution of eq.(30) it is essential that there
are three types of photons trajectories in the spherically-
symmetric gravitation field in view the used gravitation
equations . It can be seen from fig. 5. It shows the geo-
metrical locus where the radial photon velocities are equal
to zero which is given by the equation
b =
f√
C
. (34)
The minimal value of b is bcr = 3
√
3rg/2. It occurs at
the distance from the center rcr = 3
√
19rg/2. The photons
whose impact parameter b < bcr can freely move from the
object surface to infinity. The photons with b < bcr can-
not go away from the surface to infinity. At last, photons
with b > bcr can move to infinity only if their trajectories
begin at distances r > rcr. For a given b the corresponding
magnitude of r can be found from eq.(34)
The differential equation for photon trajectories with
b < bcr were integrated at the edge condition F(R) = 0.
The distribution functionF at the points of the curve in fig.
5 at r > rcr was found by solution of differential equation
(30) by used the end condition F = 0 at infinity. Simi-
larly to [[Zane et al. 1996]] these magnitudes were used as
end conditions for the solution of the eq. (30) to find the
emergent radiation.
Fig.6 shows the spectrum of the synchrotron radiation
in the band 1010 ÷ 2 · 1013 Hz for three cases:
– for the intrinsic magnetic field (26) of the object (the
thin line),
– for the subequipartition magnetic field which may ex-
ist in the accretion flow [5] Bext = (M˙v/4πr2)1/2 (v is
the gas velocity at the accretion) (dash line).
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Figure 6: The spectrum of the synchrotron radiation caused
by the proper magnetic field of the object.
– for the sum of the above magnetic fields (thick curve).
It follows from the figure that existence of the intrinsic
magnetic field may give a good fitting to the observation
data.
6 Conclusion
The assignment of nature of compact objects in the galac-
tic centers is one of basic problems of fundamental physics
and astrophysics. The results received above, certainly, yet
do not allow to draw the certain conclusions. However they
show that the opportunity investigated here does not contra-
dicts the observant data, and, therefore, demands the further
study.
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